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Abstract 
Climatic parameters obtained from the meteorological measurements over a long period represent a start position for monitoring 
and forecasting climate changes in the future. The paper observes monthly values of climatic parameters such as minimum and 
maximum air temperature (Tmin, Tmax), precipitation, wind speed at 2 m height (u2) and actual vapor pressure (ea) from twelve 
meteorological stations in Serbia during the period 1981-2010. Parameters Tmin, Tmax and ea constantly increase in the observed 
period. However, precipitation and u2 decreased during the last decade. Changes and spatial distribution of monthly precipitation, 
Tmin and Tmax were observed during the crop growing season (April-September) in the last decade. 
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1. Introduction 
Changes in climate parameters have been evident and significant in recent years in the world (Vincent et al., 
2005; Folland et al., 2002; Yunling and Yiping, 2005; Karaburun et al., 2011; Tao et al., 2011; Singh et al., 2008; 
Tabari and Hosseinzadeh Talaee, 2011). Klein Tank and Können (2003) found that climate change varies from 
region to region in Europe, which further indicates the importance of the analysis of climatic parameters on a 
regional level, in order to be able to make a prediction of climate as precisely as possible. 
Climate changes affect agriculture particularly during the summer, i.e. during the crop growing season when the 
water needs for plants are the greatest. To determine crop evapotranspiration and to successfully design the irrigation 
system, it is necessary to examine the changes of climate parameters in detail (Trajkovic, 2009).  
Minimum and maximum air temperatures and precipitation were the most analysed parameters. Folland et al. 
(2002) said that, from 1861 to 2000, there was an increase in global temperature of 0.6 °C with a probability of 95 % 
and with possible deviations from 0.16 °C. In the statements of the Intergovernmental Panel on Climate Change 
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(IPCC, 2001), it is stated that global temperature has increased by 0.4 to 0.8 °C in the last 100 years, while the 
World Meteorological Organization (WMO, 1999) says that the temperature has increased by 0.7 °C. Solomon et al. 
(2007) in the form of IPCC’s report predicts that, by the end of the 21st century, there will be an increase of air 
temperature of 1.4 to 5.8 °C globally. 
In its analysis of climatic conditions in Europe, IPCC divided the continent to North and South Europe on the 
basis of climate change. Thus, in Northern Europe, they predict an increase of 1 to 2 % of precipitation per decade, 
while in Southern Europe, it is predicted that there will be a decrease in precipitation of 1 % per decade. Observing 
the IPCC prediction for all of Europe, the total amount of precipitation in the winter should be increased by 21 %, 
while there may be a possible reduction of winter precipitation in the southernmost parts of Europe. A reduction in 
precipitation of 11 % during the summer is predicted on the territory of the entire continent. IPCC predicts that a 
decrease in precipitation will be especially noticeable in the warmer part of the year and that, at the end of the 
century, it will reach 22 % in South East Europe (Solomon et al., 2007).  
One of the most extensive studies of climate change in the European region was conducted by Beniston (2012), 
who observed 30 locations in Europe for the period from 1951 to 2010, to determine the influence of dry days in the 
summer period on the daily maximum air temperature, and the grouping of days without rain, as well as temperature 
effects on drought. He also showed that there has been an increase in the maximum air temperature by 2 °C over the 
last 60 years, while the number of days without rain was reduced. In addition, he performed a division of Europe into 
three climatic regimes. 
On the territory of the city of Belgrade, in the period from 1975 to 2003, Unkašević et al. (2005) studied trends in 
temperature extremes to observe the relationship of increasing mean summer temperature changes with changes of 
extreme minimum and maximum temperatures. They concluded that there was a linear increase of 0.13 °C in the 
average summer temperature during the year, which results in a greater increase in maximum temperatures (0.14 °C) 
than in minimum temperatures (0.1 °C). 
Gocic and Trajkovic (2013) have analysed all relevant climate parameters for the determination of reference 
evapotranspiration on a seasonal and annual basis for the period from 1980 to 2010. They came to the conclusion 
that there was a significant increase in minimum and maximum air temperature of 0.3 °C in Dimitrovgrad to 0.4 °C 
in Zlatibor, while the maximum annual air temperature increases by 0.5 °C (Palic) to 0.7 °C in Negotin. The 
maximum value of relative humidity did not record significant changes, while the minimum values recorded greater 
decreasing only in certain stations. There were slight changes in wind speed, while a significant increase of 
precipitation during the year was recorded only in Sombor. 
This paper analyzes the maximum and minimum air temperatures (Tmin, Tmax), precipitation, wind speed at 2 m 
height (u2) and actual vapor pressure (ea). Monthly series of data for their analysis were collected from twelve 
meteorological stations in Serbia, grouped in three decades and covering the period from 1981 to 2010. The purpose 
of this paper is to analyze the most important climatic parameters per decade, primarily Tmin, Tmax and precipitation. 
2. Materials and methods 
The following climatic parameters were analyzed in this paper: maximum and minimum air temperatures (Tmin, 
Tmax), precipitation, wind speed at 2 meters (u2) and actual vapor pressure (ea). Monthly series of data were taken 
from the meteorological yearbooks, issued by the Republic Hydrometeorological Service of Serbia 
(www.hidmet.gov.rs). The observed climatic parameters were selected for the period 1981-2010 from 12 
meteorological stations in Serbia, which are part of the 28 major meteorological stations located in the territory of 
the Republic of Serbia. The geographic characteristics of the stations are summarized in Table 1. Stations were 
selected on the basis of good quality data, the reliability of stations and the need for a greater coverage of the 
territory. To make it easier to notice the change of climate, the period from 1981 to 2010 is divided into three 
decades. 
The datasets were investigated for randomness, homogeneity and absence of trends. The Kendall autocorrelation 
test, the Mann–Kendall trend test and the homogeneity tests of Mann–Whitney for the mean and the variance, were 
used for this purpose. 
 
 
169 Mladen Milanovic et al. /  Agriculture and Agricultural Science Procedia  4 ( 2015 )  167 – 174 
Table 1. Geographic characteristics of the meteorological stations observed in this study 
Station name Longitude (E) Latitude (N) Elevation (m a.s.l.) 
Belgrade 20°28' 44°48' 132 
Dimitrovgrad 22°45' 43°01' 450 
Kragujevac 20°56' 44°02' 185 
Kraljevo 20°42' 43°43' 215 
Loznica 19°14' 44°33' 121 
Negotin 22°33' 44°14' 42 
Nis 21°54' 43°20' 204 
Novi Sad 19°51' 45°20' 86 
Palic 19°46' 46°06' 102 
Sombor 19°05' 45°47' 87 
Vranje 21°55' 42°33' 432 
Zlatibor 19°43' 43°44' 1028 
 
Table 2 summarizes the mean values with standard deviations of the analyzed parameters. The average annual 
Tmin varies in the range from 3.8 °C in Zlatibor to 8.4 °C in Belgrade. The highest average value for Tmax was 
observed in Nis, and it was 17.9 °C, while the lowest one occurred in Zlatibor (12.4 °C). The highest value of ea was 
in Loznica (1.1 kPa), while the lowest was in Zlatibor (0.9 kPa). The highest value of u2 was 1.9 m/s in Palic and 
Novi Sad, while the lowest value of 0.6 m/s occurred in Loznica. The largest amount of average monthly 
precipitation (P) of 84.9 mm was recorded in Zlatibor, and the minimum value was 48.6 mm occurred in Palic. 
Table 2. Mean values with standard deviations of the meteorological parameters used in this study. 
Station Tmin (°C) Tmax (°C) ea (kPa) u2 (m/s) P (mm) 
Belgrade 8.4±0.8 17.2±1.1 1.1±0.1 1.7±0.2 60.1±12.5 
Dimitrovgrad 4.7±0.5 16.4±0.9 1.0±0.1 1.8±0.1 53.6±10.2 
Kragujevac 6.4±0.7 17.3±1.0 1.0±0.1 1.1±0.2 53.6±10.1 
Kraljevo 6.3±0.6 17.1±1.0 1.1±0.1 1.5±0.2 62.3±9.7 
Loznica 6.9±0.7 17.4±1.1 1.1±0.1 0.6±0.1 71.5±13.1 
Negotin 6.7±0.7 16.9±1.0 1.1±0.0 1.0±0.2 52.2±11.0 
Nis 6.6±0.6 17.9±1.2 1.0±0.1 0.9±0.2 49.2±8.3 
Novi Sad 6.4±0.7 16.5±1.3 1.1±0.1 1.9±0.3 55.7±14.0 
Palic 6.6±0.7 16.2±1.0 1.0±0.1 1.9±0.4 48.6±11.2 
Sombor 5.9±0.8 16.7±1.1 1.0±0.0 1.6±0.1 51.2±11.6 
Vranje 5.5±0.5 17.0±0.9 1.0±0.1 1.8±0.4 48.8±10.7 
Zlatibor 3.8±0.7 12.4±1.2 0.9±0.0 1.4±0.2 84.9±12.4 
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3. Results and discussion 
3.1. Annual analysis of climatic parameters  
Figure 1 shows the average and standard deviation of annual values of the observed parameters for all three 
decades. There is a significant increase in the precipitation amount in the last decade compared to the first two 
decades, i.e. from 55.8 and 54.2 mm to 62.7 mm, which is the average value in the third decade. Tmin shows a 
constant increase, i.e. from 5.7 °C for the first decade to 6.7 °C in the third decade. In addition, there is a constant 
increase of the average annual values for Tmax, from 15.9 in the first decade, through 16.8 in the second one, and up 
to 17.1 °C in the third decade. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Average and standard deviation of annual values of the observed parameters for all three decades over the period 1981-2010 
Similar to the air temperatures, ea also records a constant increase. Its average value is 1 in the first decade, 1.01 
in the second one, and 1.07 kPa in the third decade. There is an increase of u2 in the first and second decade, i.e. 
from 1.4 to 1.5 m/s, while the value drops to 1.36 m/s in the third decade. 
In general, the three most significant parameters for defining the irrigation needs (P, Tmin and Tmax) showed an 
increase in the last decade. They are separately presented in Fig. 2 for the crop growing season from 2001 to 2010. 
The greatest value of average precipitation was recorded in 2001 with an amount of 95.8 mm, while the lowest value 
was recorded in 2003 with the amount of 47.3 mm. Tmin had the greatest value in 2010, i.e. 13 °C, while its lowest 
value of 11.8 °C occurred in 2004. The highest value of Tmax amounted to 26 °C in 2003 and 2007, while the lowest 
value amounted to 23.2 °C in 2005. 
171 Mladen Milanovic et al. /  Agriculture and Agricultural Science Procedia  4 ( 2015 )  167 – 174 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Precipitation, minimum and maximum air temperatures for the crop growing season from 2001 to 2010 
3.2. Analysis of precipitation, maximum and minimum air temperatures during the crop growing season 
In order to note the changes in climatic parameters on the territory of the Republic of Serbia as clearly as 
possible, spatial distributions of precipitation, Tmin and Tmax were performed for the crop growing season from 2001 
to 2010 in 12 regions (Fig. 3). 
Figure 3 (a) shows the precipitation values. It can be seen that the highest precipitation amounts were recorded in 
the area of the meteorological station in Zlatibor, whose monthly average was 99 mm. The minimum precipitation 
amounts occurred in the area of the meteorological station in Vranje with 56.4 mm. The highest values of average 
annual Tmin  for the crop growing season was 14.9 °C in the area of Belgrade, while the lowest ones occurred in the 
meteorological station in Zlatibor, i.e. 9.8 °C (Fig. 3 (b)). Figure 3 (c) shows Tmax and indicates that the lowest values 
also occurred in Zlatibor (19.7 °C), while the highest ones were exhibited in the area of the meteorological station in 
Nis, i.e. 26.2 °C.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                        a) 
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b)       c)  
Note:  No available data 
Fig. 3. Spatial distribution of (a) precipitation, (b) Tmin and (c) Tmax for the crop growing season from 2001 to 2010 
In order to identify climate changes on the territory of Serbia, we observed changes of Tmin and Tmax during the 
last two decades (Fig. 4). The highest changes of Tmin (0.8 °C) were in Belgrade and Negotin, while the lowest 
changes of Tmin was at the Kragujevac station (0.4 °C). The highest changes of Tmax (0.7 °C) in Nis, while the lowest 
values were indicated in Loznica and Sombor (0.2 °C).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             a)                                                                                   b) 
 
Note:  No available data 
Fig.4. Changes of (a) Tmin and (b) Tmax in °C on the territory of Serbia in the last two decades of the studied period 
It should be noted that the changes of climatic parameters affect the changes of reference evapotranspiration 
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(ET0). In Serbia, the changes of ET0 during the period 1980-2010 were considered by Gocic and Trajkovic (2014). 
The values of the ET0 were analyzed on the monthly, seasonal and annual basis and they showed an increasing trend 
at the 1 and 5 % significance levels. On a monthly level, the magnitude of the increasing trends of ET0 series varied 
from 0.114 mm/month at Loznica in November to 0.99 mm/month in July at Belgrade. Seasonal analysis of ET0 
showed that in southern and central Serbia was significant positive trend in the summer. The increasing trends in 
annual ET0 varied from 3.772 mm/year at Negotin to 5.163 mm/year in Sombor.  
4. Conclusion  
The analysis of the observed climate parameters clearly shows that, in the last decade, there was a tendency of 
climate change. In the last years, there was an increase of all the considered parameters except for the wind speed, 
which had decreased on an annual level.  
In the last decade, the precipitation had a value of 62.7 mm, which represents an increase of 12.3 % compared to 
the first decade, and 15.5 % compared to the second decade. In the last decade, Tmin had the value of 6.7 °C, which 
represents an increase of 17.7 % compared to the first decade. There was an increase of 7.9 % of Tmax in the third 
decade when compared to the first one, and of 2.2 % when compared to the second one. ea amounted to 1.07 kPa in 
the third decade, and that was an increase of 6.7 % compared to the first decade. In the last decade, the value of u2 
decreased by 2.2 % compared to the first decade, and 13.1 % compared to the second one.  
The values of precipitation, Tmin and Tmax observed through the crop growing season also displayed constant 
oscillations. It can be seen that Tmin increases constantly from 2004 to 2010. The highest precipitation amounts were 
in the area of Zlatibor, while the maximum values of Tmin and Tmax occurred in the area of Belgrade and Nis. 
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